The paper deals with primary power sources for remote or inaccessible installations, requiring continuous power of tens or hundreds of watts electrical.
INTRODUCTION
As automatic weather stations, navigation aids and communication systems become deployed in the more remote and less technologically-advanced regions of the world, there is an increasing need for reliable, continuous sources of power for these installations.
The power requirement is often in the region of tens to hundreds of watts, and it may not be possible to visit the site more frequently than once or twice a year.
An installation may, therefore, consume something like 100 watt-years of energy between visits.
Where access to the site is difficult, requiring use of a helicopter, a small boat or even a packhorse, it is important to limit the weight of any fuel or batteries carried to It is beyond the scope of this paper to discuss in detail the pros and cons of such systems, except to note that a solarcell system at the higher latitudes may require backing by a secondary battery having a capacity of 10% of the annual energy demand, in order to average out the variations of sunlight between summer and winter. It will be seen from Table I that a nickel cadmium secondary battery of this capacity would weigh more than 4 tonnes per 100 watt-years of annual energy demand. It Is seen that it is necessary to carry 4 to 8 tonnes of battery to the site per 100 watt-years.
The energy density of propane is about 100 times greater than that of these primary cells.
The energy from burning this propane appears, however, as heat.
Moreover, propane, being under pressure, has to be enclosed in a container which weighs almost as much as the propane itself.
Thus we must divide the 50MJ/kg of heat obtainable from propane by a factor of 2 to allow for the weight of the container, and by a further factor which takes into account the efficiency with which we can convert the heat into electricity.
Lines 3(b) and 3(c) of Table I for this operation the overall efficiency fell to about 9%; nevertheless the system requires only about 0.9 tonnes of fuel annually (including containers), delivered by helicopter. Fig 3 shows the lighthouse where this TMG is installed in the end of the long building nearest to the tower. Fig 4 shows the TMG installation in this building. At a given operating frequency the power delivered is proportional to the amount by which the diaphragm deflects and to the pressure difference appearing across the diaphragm. Both deflection and pressure stress the diaphragm, the maximum stress being radial bending stress round the rigid central hub.
Since the resultant of these two stresses is already about 65% of the fatigue limit (Ref 6) , it appears that we cannot abstract substantially more power from this type of diaphragm without either reducing the safety margin or increasing its already substantial diameter. Consequently, some attention has been given to an alternative design (Ref 9) in which the inner and outer edges of (Photo provided by AGA Navigation Aids Limited.) the diaphragm, instead of being rigidly attached to the hub and outer mounting, are connected flexibly to both. This immediately eliminates the radial bending stress at the edges of the diaphragm, and allows diaphragm design to be re-optimized, with the result that it is possible to use thicker diaphragm material and to deflect it a greater distance without over-stressing.
Use of thicker material allows the diaphragm to withstand much larger pressure differences without over-stressing.
While we have not yet fully explored the optimization of this new design, the combination of increased pressure and increased stroke appears to offer an improvement by a factor of about 10 in power handling capacity.
An incidental, but important advantage is that this articulated diaphragm is much less affected by radial temperature gradients, so the diaphragm material does not need to be corrugated to prevent variations in stiffness, and the stationary cavity plate does not, therefore, need to be shaped to fit these corrugations. This is an important practical advantage in machine manuf acture .
It is, of course, important to ensure that reliability is not compromised by the flexible hinges at the inner and outer edges of the diaphragm.
Preliminary calculations have been carried out on the basis that these hinges are of moderately hard rubber. These indicate that the strains in the rubber can, by choice of suitable dimensions, be limited to about one quarter of the fatigue limit (Ref 10) .
Moreover, the rubber will be in a helium atmosphere and not exposed to light, so surface degradation should not be a factor.
To match the increased power resulting from increased swept volume and helium pressure, it will also be necessary to increase the capacity of the burner and the cooling system. It appears, however, that the existing linear alternator is so conservatively designed that it could handle 250W without significant modification.
Preliminary computations suggest that 200W to 250W should be obtainable from such a system with an overall efficiency (including burner) of at least 10% (possibly approaching 20% with improved geometry). From line 3(c) of It may then be worth considering supplementing the power supplied at the cable ends by additional power generated autonomously on the sea-bed.
In this application a'ir-depolarised batteries, and power sources involving combustion with air, are ruled out, and a radioisotope heat source appears to be the only energy source that could be seriously considered.
Strontium-90 is the cheapest radioisotope which has a sufficiently long half-life for this application.
Despite the weight of the necessary shielding, a shielded 90Sr source has about ten times the energy density of propane.
We carried out a design study in the early 1960's with Submarine Cables Limited to design a radioisotope-powered repeater, using thermoelectric energy conversion. It became clear that such a repeater would be too costly.
More recently the a ccessful operation of our experimental 9USr-powered TMG for more than 31 years has led us to examine ghe possibility of a 500-watt (thermal) 9 Sr-heated power source, using a capsule of 90Sr derived from nuclear waste ( 
